Objective: A less invasive method to assess internal thoracic artery (ITA) graft function after coronary artery bypass grafting (CABG) is desired. This study reports the novel method to estimate ITA graft function using CT angiography. 
IntroductIon
P ostoperative assessment of internal thoracic artery (ITA) grafts after coronary artery bypass grafting (CABG) is important because it assesses the cardiac risk of the patient who undergoes surgery or provides feedback to surgeons.
Since graft angiography using the catheter technique implies the possibility of brain infarction or other thrombotic complications, 1) CT angiography is considered a safe and useful examination to assess ITA grafts due to its image construction potentials. 2-4) However, CT angiography is not a measurer of ITA graft function since it shows only a static image.
Pulse Doppler Echo (PDE) is reported to be a useful examination for the assessment of ITA graft function, in many articles. [5] [6] [7] However, it is hard to obtain structural information of ITA grafts using PDE. If there is a method to assess ITA graft function by CT angiography, structural and functional information of ITA grafts can be obtained safely at the same time, which may be an ideal examination. This study reports the novel method to estimate ITA graft function using CT angiography.
MaterIals and Methods
50 ITA grafts including 32 left and 18 right ITAs were assessed in our institutions. ITA grafts were assessed in all cases using CT angiography and PDE after CABG. The time of examination after CABG range from 2 weeks to 30 months. 64-channel multidetector row helical CT scanner (Lightspeed VCD; GE Healthcare, USA) was used in all cases. During the CT examination, Hounsfield Unit (HU) transition of each graft on the same cross section was detected after the Test Bolus Injection (TBI), which led to the making of a time density curve (TDC) for each ITA graft. A TBI was carried out under certain conditions: 2-sec injection time, 30-mgI/kg contrast media use, and cross section filming every 2 seconds at the level of pulmonary artery bifurcation. The region of interest (ROI) was unified to 0.6 mm 2 for the detection of the HU of each ITA. Patients, whose heart rate were over than 70 beats per minute, were administrated an intravenous β-blocker or calcium channel blocker to maintain the heart rate under 70 beats per minute during the CT examination to obtain more accurate CT images.
The PDE for the examination of ITA graft function was done in all patients, as well, by the supra-clavicular approach. Echocardiography for the assessment of general cardiac function was performed, as well. The left ventricular ejection fraction (LVEF) ranged between 55% and 80% in the study subjects. for minimization of the influence of cardiac function against ITA graft function, patients with an LVEF fewer than 50% or severe valvular heart disease were excluded from this study.
The TDC and PDE variables of each ITA graft were compared statistically to assess if some TDC variables had the potential to assume an ITA graft function similar to those of PDE.
Since study data were obtained from a routine postoperative CT angiography or PDE examination after CABG in our institutions, individuals were not identified in this study. Informed consent from all patients was obtained for the use of contrast media only.
Statistical Analysis
The statistical analysis was performed using SPSS 11.0 software (SPSS Inc., Chicago, IL, USA). A p value less than 0.05 was considered significant for all of the following statistical tests.
All data are presented as means ± standard deviation. For univariate analysis, correlation analysis was used, and for multivariate analysis, multiple regression analysis was used to identify the relationship with each variable.
results
All ITA grafts were harvested by a full skeletonization technique in which a harmonic scalpel was used. All ITA grafts were grafted on left coronary artery area (left anterior descending area, 35 cases; left circumflex area, 15 cases). All ITA grafts were patent with no obvious stenosis at the time of examination, which was proven by CT angiography.
The variables obtained from the TDC (ascending slope, descending slope, peak value and ITA area of the cross section) and PDE (mean flow, maximum flow, minimum flow, velocity time integral (VTI), VTI x Heart Rate (HR), diastolic VTI, diastolic fraction (DF) and ITA area) are shown in Table 1 . Figure 1 shows the cross section image where the ITA HU transition data was obtained, and Fig. 2 shows a representative TDC for the ITA.
The correlation analysis was performed, and it showed a significant correlation between ascending slope of the TDC and PDE variables (mean flow, maximum flow, VTI, VTIxHR, diastolic VTI) as shown in Table 2 . Among them, an especially remarkable correlation was seen between ascending slope of the TDC and VTI x HR (R = 0.740), VTI (R = 0.706) and Mean Flow (R = 0.661). Table 3 shows the multivariate analysis of these variables, and it suggests a strong relationship of these variables as well, especially between the ascending slope of the TDC and VTI x HR (R 2 = 0.588). Figure 3 shows the scatter plot of ascending slope of the TDC and VTIxHR that presents a linear correlation (y = 64x+327, R 2 = 0.588) with each other.
dIscussIon
CT angiography gives a lot of structural information of ITA grafts. 2-4) If ITA graft function is detectable using CT angiography, structural and functional information can be obtained safely at the same time, which is an ideal method of assessing ITA grafts. Although CT angiography is a safer method than graft angiography using a catheter, it is difficult to administer to patients VTI: velocity time integral; HR: heart rate with a chronic kidney disease because of the adverse effect of contrast media upon the kidney. 8, 9) Since, in our daily practice, as in this study, we avoid using contrast media in patients with diabetes mellitus, who has congestive heart failure and estimated glomerular filtration rate <60 mL/min/1.72m 2 , which is thought to be a risk factor of contrast media inducing acute kidney injury. 10, 11) Many reports suggest the usefulness and feasibility of PDE in assessing ITA graft function. [5] [6] [7] Those many reports recommended adopting mean flow, diastolic flow, VTI or DF of ITA graft to assess its function, which we adopted in this study, as well. In this study, the heart rate of subjects during the PDE examination ranged from 52 to 97 beats per minute, not only for VTI, which represented only one cardiac cycle, but also for VTI x HR, which was closer to the cardiac output and seemed to be a meaningful variable of PDE. Negative issues of PDE include the difficulty of the method itself, which means that it cannot be done easily for all cases and by all physicians or engineers, and earning less information of ITA graft structure including the anastomosis site.
According to the results of this study, ascending slope of the TDC was strongly correlated with the graft function data obtained from PDE. Ascending slope of the TDC means the concentration transition of contrast media, which may be affected by the blood stream in the ITA graft. Thus, this study results may suggest the possibility of CT angiography in assessing blood flow, in other words, graft function, of ITA graft after CABG. However, ITA grafts with significant stenosis were excluded, not assessed, in this study, further investigation is needed to assess ITA grafts with significant stenosis using this method.
There are some factors affecting the TDC: patient factors and non-patient factors, which cannot be ignored. [12] [13] [14] [15] Patient factors include body weight, heart rate, cardiac function and valvular heart disease. Non-patient factors include injection time of contrast media and injection quantity of iodine. Other factors may exist, as well. In this study, to minimize the influence of those known factors, we adjusted non-patient factors by adopting the constant injection time and body weight adjusted injection quantity of contrast media. Patients with a severe valvular heart disease or moderately decreased cardiac systolic function (LVEF <50%) were excluded from this study for minimizing the influence of patient factors. Thus, since this study was not adopted for all patients, we need a further investigation to expand the adaptation of this novel method.
conclusIon
Although there are some limitations, this study suggests the possibility of assessing ITA graft function by CT angiography. A further investigation, including an incomplete ITA graft, is needed.
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